<19)H*BHMM* (JP) 



(12) 



(A) <ll)*ttaW£&#9 

^2001-506135 
(P2001-506135A) 
(43)iiSB ¥JS13*P 5 ft 15 a (2001. 5. 15) 



(51) IntCl. 7 
C 1 2N 
CO 7K 
CI 2N 



15/09 
14/705 
1/15 
1/19 
1/21 



ZNA 



F I 

C 1 2N 
CO 7K 
CI 2N 



7-73-r (m) 



15/00 
14/705 
1/15 
1/19 
1/21 



ZNAA 



68 H) 



(2i)tas## 


ftl@¥10- 528933 


(71)ffllSA 


7$VY • 7#7hU-X 


(86) (22)tBSB 


¥f£ 9 *?12ft 22 H (1997. 12. 22) 




7*'J *-S*H. -f U /-f ■ 60064-3500, 


(85)SSRXgmB 


¥&ll¥ 6 ft 18B (1999. 6. 18) 




h • /\->r. r-fcy h • n-i; • □ 


(86)BBffi8(#^ 


PCT/US 9 7/2 3 4 0 5 




- F • 100, 9\ Y • 0377/X'f • t- • 


(87)H»^5g#^ 


W098/2 833 1 




6 • x-f-2 


(87)BIR&MB 


WSt\WZ7ft 2 3(1998.7.2) 






(31)ffl5fettffi3S#^ 


0 8/7 7 1, 7 3 7 




7* <J#-&*ffl, -f U y-f ■ 60048. 


(32)«Jfe0 


¥f£ 8 ¥12fl 200 (1996. 12. 20) 




^-ft;k fiV • 2280 


(33)«$Bfcfe®BI 


*H (US) 


(72)56W# 


A5'J 


(81)Jt5£H 


EP(AT, BE, CH, DE, 




7;*U#£*ffl, -f'jy-f -60030, 


DK, ES, FI, 


FR, GB, GR, IE, I T, L 






U, MC. NL, PT, SE), CA, J P, MX 




^ - 1568 






(74)ft8A 


#a± ;no &*i <ft2£) 



(57) Hft] 

SF£Sfc ho7 nAClROStU >2740ffiBlC75 /»g« 
fc^f 5£JSk h o 7 X3^>ft7-fe?;m U >3£ 
* (nAChR) #U^?H *««■*"*. B£0EJIfcha7n 



1 . Iftlt h a 7 = 3^^ttT-fef-/W= y VS^ff (nAChR) h 

- y Ytf y^^Ko^") >-274ro{6:eicT5ygee^Srffi-5^y'<7 ,, ^KSr 
y * * - k. 

3. »#JS 1 MB*©* y * 9 K«r*A/T?4**±«BL 

4. ftlttJMSL tt&SttftL IMMtt. W±S«BJia*3«t^t hfW»ISJ:9* 

5 . tmv?.9 k# fir&ttA-cxas us «t 5 icr# y 5? ? u*?- k 

6. S^It ha 7 nAChR^t ha5V274T nAChRT-feS, !* 



5 \cum<o^-<9 9 -o 

7. $&#l%S?Llt\-i6Kmm<D&&'<9 ^-Sr-^Ay-C/i5«±««Ha. 

8. »M, i*?L«iNiBa. »#»i3iU t iil4S«J:9^Sll^t J ^«n 

9. SSSth«7 nAChRjKy^^KO^y >274©{ftfilC7 S /B£g&£ 
& (nAChR) -y-^^ry K 

10. numtf/* v >2nfr b v v^om&x*h 5 , is** 9 icmwwg 
Ac U7m 

11. =nfytt7tf/Va!Jygt«! (nAChR) Sttfcti?al/-'/3ytS 

(a) »4Ith«7 nAChR^y^f-KcO/^y y274©f4g(CT5/K«mS: 
W1"5«*t h a 7 nAChR/J* V^Zf? \ t Z&$LrZM&&miMU 

(b) tUMt:£*J:flBllH&i:«:»£U 
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(c) (i) as a a 7 t *h- a x ? v ^mr^mmcn 



12. m&&n&<k&<fo*miz+zit!t)<D%m-eib'3x. 

(b) ttftfc&ft t 1**1 J& t U 

13. M^^'fOt hXAa 7t^a=y htf>fi?ltt# y * * Kfclft 
(a) t h^a7-y-y^.=2/ho^#y5t^^5 L K^>^<<!:fcloO 

14. t h£J|a 7+^3.= y hO««K:»R»K^-f ^3 *VXL5S, th 
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16. BE2W*2*fctt*©-»©7Sy»EEI*:£tffc h£fta l^=y-~y 
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^H^BI-f-S. ffrfc, *3eBJfi* IfMt ha 7-^^=5/ FOAjJ ^274(7)^ 

»cft«ISr*-t-5^t h a hfcHW-a. **Wtt*fc, ttXAb 

ha h&a-K1-5DNA*S«J:tfRNA$H\ ^?>W:MSt^=y 

5„ 

**W©Hff:lcS3V>Ttt, = = ^XteT-fe^/W=y VgSgflr (nAChR) IwBII" 
5a 7^=L=.y VZ%l&-rZ>o nAChRfi. Tir^/ua y ^ (ACh) *5j:tffl&0 9 

j!/>Kicj;*)BPi-5»>f* ^aHRtt w ■* y * * y*^*%>fct 5 mnmtf v ^ 

^fKf^asy hi 9 45. #*^a=y r-^feOSMcttRJIfflie ( TTM-2J 



5t%xP>ix5o 

± •Jffif&fc 2 OOlSrtnAChRtt, a 4 ^As-y hSr^l-5 t>©, *5«fctfa 
7"*r;/j.^ ; y h5r-^#-f5t.O-efo5(Sargent(1993)Annu. Rev. Neurosci. 16: 
403-443; Courts. (1995) Alzheimer Disease and Associated Disorders 9:6- 
14). a4*5 < £U5a7f-^a=S' VO&ft&MH., #»*©V^<oA»0«fiSr§| 

#i8wf3rttttas*>*. «4t^=j, hco^^tt, v*<oa»©# 

f§<DTA/^A/iBHjSL"ri^5 (Beckb (1994) Neurobiol. Disease 1 : 95-99 ; S 
teinlein?) (1995) Nature Genetics 11:201-203) „ $.lt, a 7 : Sr-^^Tl _ 5nACh 
Rf*> »#5»WifcBaabfc«5fc^n-fe5/>^ (Freedmanf>. (1995) Biol. Psy 
ch. 38: 22-33; Rollins?) (1995) Schizophr. Res. 15: 183;Stevens?> (1995) Ps 
ychopharmacol. 119:163-170) „ (Donnelly-Roberts?) (1996) Brain 

Res719:36-44;Akaike?> (1994) Brain Res. 644: 181-187 -.Martin?) (1994) Drug 
Dev. Res. 31: 135-141 ;Quik?) (1994) Brain Res. 655:161-167) , *)<fcl*#ig 



RiBO*ft*5J:lWtftSB (Chanib. (1993) Neurosci. 56: 441-451 ;Pugh 6. 
(1994) J.Neurosci. 14: 889-896; Freeman (1977) Nature 269:218-222; 

Broideb. (1995) Neurosci. 67:83-94) fcBMLTt^S *Ife&fcfoZ>o 

rt-CftttJStlTfct) (Garcia-Guzmanib (1995) Eur. J. Neurosci. 7:647-655) 
, $fc, ^xy^^r^r^f^ 'Xi/^fy^ (Caenorhabditis elegans) T*JL 

tt£ffl< (Treininb (1995) Neuron 14:871-877) 0 =!7b!)a 7 

y ^251*^6 bU*=^0^«SSC» ( r c -a7V251Tj ) fc£ffilLfcTM-2«i*rt 
^-T^yU^KH-C*)!?, a 7 nAChR«ig*3j:t;^^=y h«IB0W5fi 

O^M^P^IOT^S (Bertrandb (1995) Sem. Neurosci. 7:75-90) 

o 

~V Y y a 7H ; ^M(^c-a7WTj)nAChRtJt-<T, c-a7V251T (a7-4ttfk* 

Stt*T*LTV^fc 0 c-a7V251T nAChRtt, ii^tta 7 *3iVflfc<D»^®nA 

ChRtCjoltSnAChRT^^^^-^ h-C*)5^fc Kn-fl-^y hn^^y 



( FDH/3EJ ) IC^LT, ZtlfrhtcfrhT=t~X hT&5/^<D£ 5 lO&g Lfc ( 
Galzi6 (1992) Nature 359: 500-505 ;Bertand 6 (1993) Proc. Natl. Acad. Sci 
. USA 90:6971-6975) o rtibOflF^fc, ?LSrJiiT'b't , 5TM-2««0«J6Sr*: 

f"^V^/P*^L5StV>5filft^^^fc(Bertrande>(1995), grft ; Bertr 
and 6(1992) Proc. Natl. Acad. Sci. USA 89: 1261-1265 ;Galzi b (1995) Neurop 
harmacol. 34: 563-582) 0 

~V Y y a 7 nAChR«¥Uga 7 nAChRt Jia^ttlCSlHb-CV^jiS, fiAft 
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t h a 7 nAChRK3S^X\*# i fii\Z.%W£T*-X hXh6 (Pengib (1994)Mol. Ph 
armacol. 45:546-554). Z.jXb<Dl®l&tfhZ <D<D S ~U h 9 a 7 nAChRlCtitt 
ST5yK©*fbC«MHtfct ho 7 nAChRK*J«t5T5y»OSE^ * 



*fcSC*t ha 7t^a=y HcM"f5. w©«A#tt» TM-2«*rt©T5yK 

co^ V^Tir^A^ !> - 1 3. 9 

Ufc#oT, looSIKHBHlCiS^-C* ^274^B&£ftfc^t ha 7 
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t>5 iKDnummzte^xti, w&g^M, m%mm*&, ^mmax 



0111 XV J- 7— t?»«i£J£;£ffl^-Ct h a7V274T AChR^£gDNA£#5 

H2A~2CH V274T^^S«r^#1-5t ha 7 cDNAOJ* * W-*^ KiE?iJ (IE 
?|J§^1) £^1% h \'*~> ! %%i&m-tX^X7r;£1nXt$'9, SJISS|5teEcoRV*5 
ilHpnllCt4T» 5 #$iXT^5. ^cDNA^Pj^tWLfct ha7V274Tf" 

h£J|ftOtt3£T:- /SfcgtfiJ (ga?U#^-2) 4>*£ftT^3. V274T&3S 

i3m T7!;*^^^3i/w (Xenopus) 9mMftX%$l£tl1t t ha7V2 
74T nAChR fcitffc ha 7if£§!nAChR (6&t!2-S§-) lC*>tt5AC 

h , (-)--=x<f-V (%m , GTS-21 (±ft#Z3) *3,£tfABT-089 (Tfi 

BUft, AChtCiSfSWb^i^t ha7V274TJS§<Dj«a^ 
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B5lt nAChRTV^^^^ hiC*fi"5t: h a7V274T<7)j£g£l]^U M 
ECf*;* # ^ 7 S (10M) % MLA(±y^/HJ*=J^^y (lOnM) , DHjSEtti/b K 

(bathing solution) T$> 9 , *ft&20#Pfli8JB Lfc 0 toi**»40-T=f^ b 
*HHJfc«#, ha7V274TW««!ia^»3eSnfcfc», t fe^lC 

0 61*. 77 5*7^^fx;v (Xenopus laevis) rtTSSHLfct ha7V274TO 

a 2+ ft#^Z^^(7)?S^l:^^(f^fc*(C10inM Ba 2+ £^*1-5&£Barth}g«( 
90mM NaCl, ImM KC1, 0. 66mM NaN0 3 , lOmM BaCl 2 , 2. 4mM NaHC0 3 , 2.5mMfcVHf 
h y V&KXmOtM Na-HEPES/^y^r-, ft*lpH7. 55) rtT«$ixfc^ 
g£$L(Briggs<b (1995) Neuropharmacol. 34 : 583-590 fig ^ftfcl^K =A 
J£tt, Galzi^ (1992) Nature 359: 500-505 <0^#SriiSt"f 5 ft ft IC17 h n 
Sr^^S fOR2jgf«?(82.5mM NaCl, 2. 5mM KC1, 2. 5mM CaCl 2 , ImM MgCl 2 , 0. 5M 
ThntV, 5mM Na-HEPES/^ y7r- *» 



P H7. 4) rt -en* $ ftfcjss* 

B7tt, a 7 nAChRiliRftlJ *>Ftfc5[ 125 I]a-^y#n h*v^<Z>, X 
gfc ha7V274T-Ch5>'^7a:^ h £ftfcHEK-293* n-:/tC#t* 5 

6, a&;tDNA&«, tt±m¥»±xmm*<Dm*<D 

mbrook, Fritsch &; Maniatis, Molecular Cloning:A Laboratory Manual, f& 2 
KS(1989);DNA Cloning, Vols. I *5iVlI(D.N. GloverfBl985) ;Perbal, B. , A 
Practical Guide to Molecular Cloning (1984) ; the series, Methods In Enzymo 
logy(S. Colowick;fc<fctFN. Kaplan^, Academic Press, Inc. ) ;Transcription a 
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nd Translation (Hames £>£I1984) ;Gene Transfer Vectors For Mammalian Cells( 
J.H. Miller £>H (1987) Cold Spring Harbor Laboratory, Cold Spring Harbor 
, N. Y. ) ;Scopes, Protein Purif ication:Principles and Practice^ 2 IIS, Spr 
inger-Verlag) ; & J: UTCR : A Practical Approach (McPhersonkS 



(1991) IRL Press) Sr#flK$ilfcV\ 

xxinnrnt, *ixb<D£.#z£m\z£ <o*Bmm\m?f-Aix5> - t its, 
-zhzm&z&z. w&#xxflsm<»m*t:-&tt. Lfc#o-c, wis 

a. £jg 

TAChRj ftSIStt:, #gea«Jf7tf;i'3!JV ( TAChj ) ©S^*«rS!* 
1*5. AChRte, - = ?-y&1i1t\tA.X*y >&k LXTitELftZtl 

TnAChRj *5!§J*, saf^T**/!^ !l 



•TS. l^Ot^y HgjgfDnAChRriS. ffi»Ba> =-a-nv*}J;tJt^nAjR 

rnAChRf-^a-^y hj &5f&|* % nAChRro^lC4oVT. (feO®^ t L 
5 5^W^R14^^m*-f5o ffinAChRI*. 40©S©itjra^^ 

M^&Siflft: (20{ia K lolifl 1 f^a-y K lo 
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<, a^Wt C6> 8|Oia-Dy»fyaiy|« (a2-a9) *$ ±1*3 11 ©=3. 
-Byjf^asy h (02-04) aMMi^ft-CVS. 0*>©=a— n VnAC 

Xenopus) WfHM&rtiS.fctfh?:'*:?** MbtfUIilB 



**!Jrf-*—ttJ nAChR*»)*i-5^riBtt*J*5. nAChlMJ-^a-s: y hif&OS© 
g^ft (09*. tf, ffi,©^7^©y^^Kfe#14-f tcH^Lfc-^ 

rjff±®j ( rwTj t»&*$tb5) 

Xtt*t-«W<t«tB***"f5. **W<?fl!^*fc M?£SU 7nAChR(4. Dou 
cette-Starara?>(1993)DrugDev. Res. 30:252-256{C|Hife$^-CV'>5c T a 7Xn 
nnOj cDB&fgte, R££!EHK:*f- LTnnn&lC&B-tS T 5 / m&T 5 / SSOt 
f ft^tlfca 7t^a=y hif*t5 0 LfciioT, =7 MJ o7V251T nAChR 

a 7nAChR&|£9H-5o 
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rnAChRfSSfittj It, 7=f-* k 7 k ftVWny*-S 

*3M3"«B^3 r*pjc^u*f-Kj *SBtt» ytf^v-^KSfctex* 
<DJ8ISf±. »^7-©-ft«3iO*Sr*-f. L^ot, KftStt, -#g(*>J:u: 
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XttAfc fettle £ #?TfB-e*>5. 

Lfcr $ j mofti-mziF-r. ^hb<Dj%m&, &mo&zamm 



±V/*.1t\-t±fttf)%ftZ (stearic bulk) *|fe*-r£«fc> «*tf % Gly/Ala 
, Val/Ile/Leu. Asp/Glu, Lys/Arg, Asn/Glru Thr/Ser*5<tt>tPhe/Trp/TyrSr^» 
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r=- FEWj it, mRNAfcC? $ Mtf/Xli^ y ^T"^ Kfc»IR £ it 5 # y 

3'3feJl©lllRfM:=« K^tl=J:9ft»e>ix5. =— KEWfctt, mRNA % cDNA*3j: 
y J* * u**- KEH*£«>a r. i # W<?*>S#, Cit 



M©# A*J J: W/*fcl40EEJIrt© 1 W±©3* * F©e&ic± 9 HJtr S 

tt, 33S#te.fc<*ne>iVTVa. Sambrookk, ffiS ; DNA 

Cloning, Vols. I ^ J:tfII, fi(l$t ; Nucleic Acid Hybridization, #lH£r#:fi8 
£itfcV\, 

r«tgb5S»-eiii^ (Sitfc) j tt, E«3ivc^Sja£tf, *ite><D;£l2 
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JtAr*£i«r*!*U tOiAKfv^m, »A1-a#y M-f- K*> 



'>fc < 1 1 75fi*%, «fc <0 ft*. L < tt^tt < t 85Sft%, U < ttd>fc 

nggt ($nfc) j *p**u**-m, Kaxy^f-Kta-KL* 
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77^v 


A 








N 




D 




C 




Q 




E 




G 




H 




I 




L 


y s/y 


K 




M 




F 




P 


ir ]) > 


s 




T 




W 




Y 




V 











IOCS* UV^HlS^-ett, !J * * U**- KI4, S41a7tya-y 
- K1-S. 

t ha7^MnAChRI4, HfitftlcMig LfcflfcWnAChR^LT^fla Lfc*H4*5«fc 
lWSlWHc#lftSWtopi3!rtr*r. =■ 17 h y a 7V251T3CJ|*©»fr t 

^(C, tha7V274TI^ t HfM* TnAChRjfcgt Jt^T, ^!)y«tt7 
=f=^ h©«»JJ:*tU-Ca<lS»-*-5. *fc, fcha7V274TfS, Wt£MtVc<X 

fc ha7V274T(4, S?b Ka-^-xy hn^-^y (DH0E) »<Stt^k 
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%®#£gmmm¥mzgtj:5 (H5:l3±lKSal*i&. (1992)) o ~^-ny 



Srfflf^^^tt^fcl*^ *>-tt^3E*1-5 (Nature 359:500-505) 0 d-^# 

ha7V274T©5S**T^^ b-Cfc5 (Bertrandb (1992) Unconventionalphar 
macology of a neuronal nicotinic receptor mutated in the channel domain 
. Proc. Natl. Acad. Sci. (U.S.A.) 89:1261-1265) 0 t ha7£&ftXA# 
*5£tf~I7 b y a 7S*#XJI^». «*4a*ttKt*4oTV^. 0J;ttf, 
&V^fa£8^tt£^*f~7 byjsitffc KOM*Oo 7»4SnAChR (Galzifc 
(1992), mfg&itfBriggsb (1995) Neuropharmacol. 34:583-590) t 9 
, =!7 MJ «7V251T nAChRttrtlR]SSIittttSr^S4VN (Galzifc. (1992)) 0 t 

ba7V274T nAChRtt, ~V b'J a7V251T nAChRi: teSft 9 , k WHt 

I^OmV£Jl±-eSat-rS (06) o 

t b£ft#a 7nAChRiJ"^^y bSr = - K"T5DNAtt, y/A*fcttcDNA (^ 

*fc»v^<oi^S»lfo»^«:lcJ:9P»Sjxfct>o) 

X, t b«»#o 7nAGhR*^ar;y bS:38a**5fc»K, 



ttRNA(OWK<Ofc«XD»Sit LT, ^DNASrffiffil-Sr t^"C§5 (Sambrookk, 

(flit) o 

j^ffl<&DNA&»5fcft<DlO(0#fett, Doucette-Stammb(1993), fflMKIBflt 
£>k*5?K 3?4Sb ba 7nAChR^^^iy b *r =i — K1"ScDNAS:*Ilti"S - k 

pcrj ) &£v&f&&myyj^~&m&m^xmti6L®mLx, tui^a 

7nAChR^a= y bSr3-K-f*DNASr#5o i!9»L<tt, PCRTtt, ff£SD 
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*if(oA<»bii-Cv^aflfSrffiv^TKcDNASr*ttS*, MS**!) 



hfr-Q%Z> (Zoler£> (1983) Meth. Enzymol. 100:468) „ -fy4 -7-#Sf4> 

if— > 3 ^ft ^Kfti*. i 5 fcPCRifctt, *H#rF»4, 965, 188* 

, &4.800. 159*, f&4, 683, 2024§\ ^4,683,195* (^ftb©£fl££#fl&(C.fc 9 

7^/7!)-lt GrunsteinP>(1975)Proc. 



Natl. Acad. Sci. USA 73:3961tC|S^(0^ffi(Ci 9 7*n-7*i" 5 d t fctt 5. 

f>5 locDBiJffii: LT, t MBtt*»6ffl*i-5RT-PCR GfflE^stflJ 9~fiS 
mRfo) TT'n-f-KJ;*), o7V274T«J|fl:«:#*ri:^BriB-e*>6 5. 
s «lPttfta!<E9ffitJ:9, ^MiLTcDt hRNA (S$1.5g) i6»P>-*«cMttSr 
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Vy (V) <Dftt><0\cYu*-v (t) ©a Kv*fcttfli©9fa©JCfl:S:««fi-5 
<t 51^1+1"?. («EIBS«li3J:tfBll fc#flR$*ifc^) . o7V274TO^±ft 

<7)2 0(DPCRKJ&<£>Kfe£- ^ICt5. Ctltt, fc MBi&§!fl»<ba7V274T&#5 

!J =^5C ^ Ktt, 09;ifiWarner (1984) DNA3 : 40HcE«O § Si* !J 

vvc 32 p-ATP<D#&TK#y s * - v turnf* r t ic i 5 tf 



£tf)W\ Zoller (1982) Nucleic Acids Res. 10: 64871:: Efc^fM^lft^ 

tffi«WT-0fgwtt«|i^^4xgfr(DgB>?iJrttc^1-5-S-^^-y =r*? w;*^ K£:/ 
7>f^-i:UtffiILT, DNA^y *7— W-*mmMzm&tZ>o R77-^ 
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(E. coli) DNAtf !M7~tfl «\ ttJB^»ffc#S1-5 

jgSftx^V^V'^KE.'J^K (dNTP) (DfttETX'titMLX , 



*5 K4r, ii^li, Clewell£> (1972) J. Bacteriol. 110:667(C*5^T^S^ 

ti9 4>*rf-*. E?0ifej£W\ £< fc^ftTV Sanger b (1977) Proc. Natl. 
Acad. Sci. USA 74 : 5463 <D *Jf :*3ri/jfc (£ kt-Messinglb (1981) Nucleic Aci 
d Res. 9:309iC|e«$ttTV>5) \ZX<0. £ fctiMaxami f> (1980) Meth. Enzymo 
1. 65:499lC«^$tLTV>5*jfelr.f;»)fi : ^5C t^#5. GCfcWtrtMS-CH* 
*fg©e>;ft,5A<y KffiBI (band compression) <r>fflM\t. Barr£> (1986) 

Biotechniques 4:428^C*5V^T#S$^^TV^5*ffi^C^^^^T-7 ^ r V ^7/ 

fcra>f y v^y Srttffli- s r. t let «j siigcti*. 
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5. 

«. JHWtte«)44>tS, TCJiH (Escherichia coli) fttffgtcttffl 

$^a„ «*.«, m®£.®>m<D%mi'mm\m. t^-t-nttzm 

KpBR322, *J:ll^lM(il^-*-«r##t-*i»lltn«fc**t-6« 



Changfe (1977) Nature 198:1056) , h V 7 Y 7 y (GoeddeKb (1 

980) Nucleic Acid Res 8:4057lC*3V^-C«^$HTV^-5) , Soil* X £3fcPl:7°n 
*— 9— &Z.mi&fc?-V (Shimatake£> (1981) Nature 292:1 

28) x *e>mwtrp43iT^lac UV5yn*-^-©ffi^Jlc*^i-5^-f T'll s/ KTa 
cynf-^- (DeBoerP> (1983) Proc Natl. Acad. Sci. USA292:128) 

0fSlrJ;!5, (Bacillus) tfet^tt^a-K*^ (Pseudomo 

nas) W£Z<»m<afflmfe3i*mmi-z^ fc#we*>*. 

T • A?* Ml * (Pichiapastoris) „ fy^n^t^ • i? U-tf->3i (Saccharomy 
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ces cerevisiae) )o£.Xf^?- • A-^Z^yyi/^ (S. carlsbergensis) #5 



2- n&®m&. (Broach (1983) Meth. 
Ellzymol. 101:307) , CEN3tARSlfc<Ofi-g"&, *fcttS54«r5fclU--t5fc*ro 

w*-ti* fezmti&f/Aft^nm^tmKvw&z-ZBiz&zteM 

Hess?3 (1968) J. Adv. Enzyme Reg. 7:149, Holland?) (1978) Biochemi 
stry 17: 490033 JctfHitzeman (1980) J. Biol. Chem. 255:2073£#fl8$*lfc^ 

t Kny-f-if (GAPDH) ^D*-^-|t|jt7^3-^t Yuf-T—M (ADH 
) ■*HriS7'n*-^-, IHI«UCGAPI»IKl43lei-a^-5*-^-, *Sil^» 



erican Type Culture Collection^ if©^f£^M^t>A¥ i '°ri6'Cfc5 0 rft^C: 
14, HeLaftBJjS, t M&Jfc?? (HEK) *HJI&, ^ W --X/nA* (CH0) jj® 

as, ajs^A^^-u (raw *wa*if*s^*^s^ **i,e>fcis:e3;tist>© 

» T^lM^^O (SV40) . y V *$m$ 4 >VX. (RSV) . rfy^ 

4 As* (ADV) , iJ^fD-vW;^ (BPV) , 1M h * #o VJ/UX (CMV 
) \C&%-?Z>'7<<Jl'X7'n*-jr-ti:l!tm\iflotlZ. HMUBttlStt:*- 
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t>a*nr^fcLii*^. iiie>oE?ijttSttfif^»-c^p-c?ife5. m%mmm 

fc3VHt£JU*a 7nAChRf-^=-y h % K1-a*S*EH©, A 

CD— ^J(i x Gopalakrishnanfe (1995) Stable expression and 

pharmacological properties of the human a 7 nicotinicacetylchol 
ine receptor. Eur. J. Pharmacol. -Mol. Parmacol. 290:237-246tdf5t££;ft- 

(Briggsfe (1995) Neuropharmacol. 34 
:583-590{;:|Ef&o;£ifc£ffl^.5) > I;&ftfl& (Summers*J<to:Siiiith, Texas Agri 
cultural Experiment Station Bulletin No. 1555 (1987) (CfSifeCD^ffiSrfflV 11 5> 

a~-^itl&&f-<D&$L%mW}t5<>'( *-&fflV>5 (O'Reilly P> (1 

992), Baculovirus Expression Vectors:A. Laboratory Manual, IRL/Oxford 
University Press) , 

|-5^7i^'>3 Vli, #!)X^ K£ 'MA-* file 
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KSt«:t^=y hSr«ia-t-5wt^-Ct5 (#]*.#, WinzorP, (1995) Quan 
titative Characterization of Ligand Binding, Wiley-Liss, Inc. , NY?r#flS 

77^-, ^7*t^B-77B7^77^, SfrfctefBSflM^n-T h ^7 



tli. Hfa^/^K-g-fifc&ffitClBL-O*, J. M. Stewarts it/j. D. Young, So 
lid Phase Peptide Synthesis, ^2)S, Pierce Chemical Co., Rockford, IL(1 
984)&P>U ! !£G. BaranyioiT/R.B. Merrifield, The Peptides: Analysis, Synth 
esis, Biology, E. Grosses i.l$J. MeienhoferJS, Vol. 2, Academic Press, Ne 
w York, (1980), pp. 3-254%. *Att*«tl^tB8 LT 14, M. Bodansky, Pr 
inciples of Peptide Synthesis, Springer-Verlag, Berlin (1984) ?£bWZ.E 
. Grosses XTfJ. Melenhoferili, The Peptides :Analysis, Synthesis, Biology 
, flfttt, Vol. l«r#JR$*wfc^. 

lo©j?JLI(^l:fc^m gfS©^t ha7nAChR1r;/ 



(Xenopus laevis) IPWWfift ifOi»fil*J^©B8EttAl!: ) t «J38m$*5 w ta« 
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"?*<&. COlfrifcSrfflV^C, «DNA*fcttttiiRNAlC3— K^itSt ha7nAChR^ 
>Ta=y h%&W<D®m*£XT<Dt& l 9^mffi1r%ZtfrVZZ (Dascal (1987 
) CRC Crit. Rev. Biochem. 22: 317-387 £#H$ft/i:v>) „ ^Mc£=i — K1"S 

*5o I6a$ix^ftt fa 7nAChR<DHtltt, *fflJ3Srt®flEEii (intracellular 
voltage recording) , 2®*Ifl;jlia£8;, 9 £©11*011* 

^a^ws«(- <t *> mmmi&ft-enmi- a c t 5„ nAChRi::H#«>ittw 

<fc 9 Kettle , fc5V^ttajfirt«ffE«{cJ:9IWS5«Jlc*=-^-1-5^i:AS-Ct 



y-=-v^-rs/c*(-, 38g,$*xfc££<*:$rteffl-** Srfc^ti*. nAChR 
Stt«r*^a f-f a ^1rZ1t$>Oi\:-£®*mfe-fZ>1tlsb<D 1 officii, *£ 
a t h a 7 nAChR jK U ^7"f- KtfV< V y274©&tt(CT 5 
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yiMHfcttf-raSEftfc ha 7=3^^ttT-fe^/Way (nAChR) #y 

35H4£r#5 (Adamsfj (1989) Degenerative Disease of the Nervous System, P 
rinciples of Neurology, McGraw-Hill, NY, pp. 921-967) „ Ztlh<OM&<D 



mmum:%irz>#i>''<9'&to<r>mmLm&, m&^-x-vxvt, (c. eie ga 

ns) fc*3tt5£J&£#&£tt£Bfl£L-CV3 (CanessaPj (1993) Nature, 361:4 
67-470;CallessaP> (1994) Nature, 367: 463-467 ;Linguegliaf> (1993) FEBS L 
ett318:95-99;*3«ttWoilleyP> (1994) Proc. Natl. Acad. Sci. USA 91:247-25 
1) . deg-3^ V/^R^tfnxb^S r^y.^y.7r^->3y (gain-of- 
function) j * 1 i»=a-P >"<D£8&t££tt£§l # jBi"f ( 

Treininf>(1995), flMt) . iro^aE*©W*ttiixfe«>*Wl-#br, -a 

tits (sensory gating) , MII»5»b'J:WIBS 

wjxij, &vtm. ^A^^nsms. mmm&wm&m&zvttxm 

ffi& (oseoarthritis) tdMit Lfc&flS) *£©l*3©f^fc#fflfcfls£*** 
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tla 7nAChR<D&tt{fcl*, ilffll!S<S®!fttt (fliltf, JMtfgftOtt'X Donnelly- 
Roberts h (1996) In bitro neuroprotectiveproperties of the novel c 
holinergic Channel activator (ChCA) , ABT-418. Brain Res. 719:36-44£ 

*m$M&t\mt£ l 0 , 7nAChR^$£ttmi3£tfl»P:Wi(£*5 
V^«iffiS'e^-t"5*^"C*)5 (Bertrand*5<fctfChangeux (1995) 



Nicotinic receptor:An allosteric protein specialized for intercellular c 
ommunication. Sera Neurosci. 7:75-90) „ LftiJiot> t h^MnAChRf"^3-=. 

HftLfcu^HCS-eZiffSfbi-S. Sfefc, ftla 7nAChRiry3-= 3 ' 

<T>Wc<r>Wfe. k ha7V274T nAChRKM UTEl 3 t^l". 

Ufc^o-C, a 7nAChRy#y KroHS^ftttRtt, t K^nAChR-^^ny 
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i-^y*/U%miffitZte}?<Dm<Dt%-?:&<Dlttb, f41a 7nAChRf:::Jo^-C 
TV?*-* YX'hZ^ttftimx-hZo, mm<0*%-X-l*t>\ i?£§!a7nA 

ttttlB*:Sfeft1-*tt*tt, ^a7nAChR tha7V274T) tztstfi 



K©SWJ 38 <fc t««ll8 &»tia 7 nAChRfcfc 6 * <0»*43 J: t it 

&rz>zb K.Z r. t #pll§-e&5 5. ^-g-^tnAChRi: ©tBZf^/Bli 

7nAChR^mm (09*.tf, it*rtcD h 7 >X 7 * * Mfc«*?Ug»J!S*fctt 
&A$*lfcPi£S»a) */HVvtlRlJg"f*r a 7nAChR©|£S^ffj 

ttw<oz nm&imit* »miia**:ttiii*oaifHi#i-5 a 7 y #y Kosunoai 

HHflHc, ML IB«, a«, iS^y-^^v^ (»#«*sitJ««#4«W! 
) 4^©ffi©=3fyiIK#'>i9 it>*ffl*y #VK<D3!S\ £ga7nACh 



7nAChR-^yazis/ h©«ttteri 5 »&{!i!:&tfj-efc5 fcV^SEJffitt, a 7nAChR-tf-7' 
If, Donnelly-Roberts flrJS&^JSSftfcvO „ ^©^AsXAIWB^, 
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m&mz£ZCf?+mmL<OfflftK£Z>m£a 7nAChRlCj; 9 J&fl-$;ft,5Ca 2+ jjlcA 
. elegans) 3*1,5 Oi*i*fe< l^£<D*BJ}&*E£5lf igr L 5 5T*&£ 5 



£*SiX*V^I6tt!iS*>S. fla 7nAChR^a=y htt, *©J:54** = 

*ttt«V>TIBI*r*ii:#-e**. lo©*©J:54*tStt. »£Slt ha7n 
AChRsK 'J ^ff- Y<T>J* ]) V274W&HI-T 5 / ®?fi&£W "f t h a 7 nAChR 
f-fa.s.v hS:38g«-5ilWSS:JPfllb, fcBMMSi: tHKL. iNfiSS 

«*ttrott«£H LT^HS^-*— T5 C t ££tr. ^UnAChRf-^^ y 

*PT©»***IU*ilMSl* IV-fuMM"**?* h^H ( riPTGj 

) KJ;9B£iTtt*LacSwithch3R) ftX*&%XZ*m.Z*£%Z- fc*"C# 5. 
7nAChR-y-^^y M§gU4* IPTGOflSJPKi DR*4ti5*-C»fiW'<-'i'-C*l 
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a ( TMLAj ) *1ttt* <Dft&TX-%m-tZ>Zktf 

(omit. Mti&mm : &&<DM%. mint, ^^htz^^u^h^tzitr^/m 

KJ:9#Bl**t*) tL<tt??h-^t Knyt-* (LDH) /i^OjWJfiR 



AChRj;«9St<tSSi1-Sll^llKlt-C, *>4^tt»^nAChRiJt^T£JtoAChR 

3EI*t^3.=y HSr»5ii*4iiAChR DNAfflo*!; =0** w**- K7*o 
+ 5 * K , KDNA4 fc C S 3tE-t 5 RNA Srttffl - t « ^ t * -T? * 5 

8MB?!lKtt*W**lttWi«r^*i-5llWEsK !> * * i^*^ K*»e>*S#5t#Sr« 

y-Y-tf— >3>-ryfe-f{c:j3^T^rffl-eS)5 5o fc«u %&#tm£.m. bom 
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"C#5„ 3CftnAChRlJ-^3.=.y hSfcttBB^BirJtH:, «8B-e«gRW1-«»**. 

, VR-fS^ *>3^tt, agftnAChR^as.y h*fc»Jt©»frH: 
, ^E^il^tf)* D K^jMJEfctflV^jjH-* r k 5o SEHnACh 



*flST*^A'3 >) y ( TAChj ) . a?^"*— IflAiL *flsd-y#* 7 3 ^ ( 
TdTCj ) , y>-^-v-Yv'>'*JiU t M^*57$ V(tMECj)«, Sigma Chemical 
Company(St. Louis, Missouri, U. S. A. ):i»£>A#Lfc. A'fbTK^Kv^t Kn-/J 
-^■J^n^i?^ ( TDHBEJ ) &£U?x.^Wt* f-frV X^-'f-V ( TMLAj ) it 
, Research Biochemicals International (Natick, Massachusetts, U.S.A.) fi* 
£>A#Lfc, hVXJy (3-7 5 / S,|f Ksf ;n^f/v^ ^ y^/v*t- h 
; Finquel) tt x Argent Chemical Laboratories (Fisheries Chemical Division 
, Redmond, Washington, U.S.A.) frbA^Ltz 0 
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bha7 g^cDNA^Wat 

Elliott (1993) Soc. Neurosci. Abstr. 19:69^$R££;h/rv>55&£ftfc: h 
i/tf-r>\"<*7^y (MRCSPGGVWLALAASLLHVALQGEF (SB?lJ#-^3) ) £^ti>J;5> Do 
ucette-Staram?>(1993), 



* KSr-frriiLfc : 5*-ggg«x:agcactcgagcccatgaggtgtagccccggaggagtgtggc 

TGGCACTGGCAGCATC T CTCCTGCACGTGTCCCTGCAAGGCGAGTTCCAGAGGAAGCTTTACAAGGAGGGG 
-3' <fi3?ij#*4) 0 :otMj{?l/*fKtt, XhoIftMft W^Jy^) 
*5£tMTGM*&3 (**) 46tfK**Lk:j|(l!<283 K^fc ha 7nAChR^^ 

hcDNAffi^J«r^#1-5 0 -ttttt, ^±t^yifi-^zf^ K*r=- KU K 

a 7nAChRf*^^>y hcDNArtlCfffe-T 6Hind IIlSMfc (TUSf) *"e#S1"5 
o XhoI*5itffiindIIiaWSttt, iEJPft;* £ U*^ KfcWfcLT** 9 , ^cDfc*^ 

^Lfco **ie>o*!>=/^^u*f"KSr-ttlcr=-!J^^4*, Xholfcitf 
HindlllTJHflSU o^T\ ^*XhoIj3itfflindIII"C^b$ttfcfc h a 7^7*- 

hcDNA^-rSpBluescript^^^-rtlcajfeLfeo rixKiQ, ^ftt 
ha 7nAChRf-^^5/ h £ 3— K"f- 5 $ffc&cDNA&#fc 0 *0*rfcfccDNA£>BB 
5Uttx ^ft^i/5/-?xyi/y^l:± 9*BLfc, KcDNAfcXhoIfcitfNotl-C 
pBluescript^fe§I9 HJU tt5'?»m««r^ W * 7 



— tfTffife, BstXIT^T^-ig-g^i^ BstXI"C?ISfl:U pRcCMV^^- (In 
vitrogen) (DBstXIIMfcrttCilJie Ltz 0 StEL^ ?-ft<D4 Vf- h<£>BEfp|te> 
a 7nAChR-J-^3.=.y hcDNASr^5»ffiB-e§J»f-r 5»»-C«>«ll8»WK J: 9& 

y7y^y^^JyU(Xenopus laevis)gp-S:^l5^-COa 7nAChRO%%33J:tf« 

77!)*^^#x;> (Xenopus laevis) 0PttjMft0fllSL S*#RNA*fcttDNA 
^)SA, fc<tt^2«ffi«E@^tCj:5a 7nAChR^«<Di9l56tt, Thot^ig 
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*VCI/>5#8r(BrlggsP><1995), flfj^)l^ofc 0 0PS*fflfl&li, lOOg/miy^;?^ 
4 V^Sr^i-Siii^COBarth^iS (90raM NaCl, lmM KC1, 0. 66mM NaN0 3 , 0.74m 
M CaCl 2 , 0. 82mM MgCl 2 , 2. 4mM NaHC0 3 , 2. 5mMtVHf^-^ h V !7 A 33 il/lOnM 
Na N-(2-t KndriX3if-/lx) t^7^y-N , -(2-^^>^.^V^) ( THEPESj 
) /<y77- S*pH7. 55) <K 17~18't«f»SLfc <> Jt^tt:, lOmM BaCl 2 £•g' 
# LCaCl 2 33it)%Cl 2 £;X < ft^Barth^'K -60mVCD(S^I|{i-eSiJ3t Lfc 0 t 

^l^^p,, iko^s^-ci* (H6) » $&wsl -mzmmzmfe-rzK.® 



EHWIC^b$-&, *fc, -7 b 'J a 7nAChR5rW5Ei-5fc*(CGalzif>(1992), 
iitf^^6ftT^£&tt£iII*T3fcftlC > OR233<fctfT hn£V (82.5mMNa 
CI, 2.5mMKCl, 2. 5mMCaCl 2 , lmM MgCl 2 , 5mM Na-HEPES(pH7. 4)33 £.XfO. 5MfiS$? 
ThnfcfV) WBLfc. =^^*-^-SiJ^Stlfc«®#t^i5«aj!a^ib20 
0~400m«rtlCga«$ixyt7'f >s=./-7>V • 77"!; ^7— £ffl^T. 7=*= 

t ha7V274T©j£gtt, t h a7WTW^§t «S^e "9 , H*«t» IC^TitlCiiflll-f 
•5«fttcfcofc 0 Lfc^oT, H^WWtfSr, HCPe*(iSa^*3(t610M AChcD 

e^B&KT'CDS^^aco^ltittSrlftl^-rSfcfeir, 10M ACh<0^#(C*f LT^ 



fc h a7V274T cDNADllSg 
^^^^-rt-CS*a7V274TSr^$-*2>fc*lC, ftSa 7nAChRf-^a- 
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[IlllCH^Lfc^&lCtJ^-CI*. 2 0<DPCRIg£ff#V\ Ol^TMRIMrT? 
^{tLTIf^Sa 7nAChRf-^3. = y hcDNA©£&Xg»rfi-£#, ^?H^^*»r 
M-*r»^S!o7cDNArtK:*^o-=.>'^Lfc. HIS (A) T*tt, gfM©£ 
^HSr«^1-S2o(7)DNA»f>i-Sr, ^- Srttffl-f 5PCRK J: <9 £A 

KW»*Jl^^u*^Kfr, ftv^<D®rtfT*ti!J^-*:/7^- (X- 

3') rtlC, MV^(D»fM"C«7*l7- K^^t- (Y-5') rtl^^^-frfc. ft 
<*PCRB**SEcoRVi8 ±l«pnIlHRR»tt4:'&*'-t-<5 ± 5 ^ft (bW 2ocofl.g&:/ 
(X-5'joJ;OT-3') &ii#lLfc 0 
SV^cDS'Klf^fi, 7^-7— Kfl-pB7 s 7-"f "V— 5' -GTTTGGGTCCTGGTCTTACG-3' ( 
E?|J##5) t K^^Sr^-fS U ^-^rtSBT-y-f-^-S' -GCAGCATGAAGGTG 
GTAAGAGAG-3' (BE?lJ#^6) & fcttffi UT4*4*fc. fivvfr©3' RWfM:, IHI* 



KR&fcXJI&ftKF -tz y*v— YPiU7y 4 5 ' -ctctcttaccaccttcatgct 

GC-3' (S2?iJ##7) t y^-*^^7^-5'-GTACT<£AGCACGATCACCG-3' (E 
?IJ##8) tittflaLT^if'ffc. PCRCD#:#tiU lOOngOgAa 7DNA, 2XPfu 
/<y7r-, 100ngW«-7°y-f-v— *f*3 < J;U 5 0.625UWPfu»^ (Stratagene, La J 
olla, CA) &5t.fc>-e&ofc 0 KJ&fi. Perkin-Elmer9600f , QS'CT^&'H 
, 60t"C22#^^ o^T72t;T78fWWC020lM*/W^&ofc 0 
SS2PCRI® (B) -Cli, ^StT'^^v-SrtfflLt, T.frtt><D2.r>(»%iK* 

fclg (C) -CI4, IS (B) ©Ett&KpnlfcilfEcoOT-CiHffcU ^VflWL 
, ^*KpnIfc«tl5EcoRV-Cj'Wl:$iXfcl?^St h a 7cDNArt(CiI^tfc 0 ft^cDN 
AOi^r^^-^^V:/^ frS<D£*&£S©#&&^U *fc, RPCR 

E!2A~2CttU t ha7V274T cDHAg&KJtftOX * W**- KEfll (E?U##1) 
«r^i- 0 t haVi274m&ft<DT$.;miFl (E?!l##2) fc» H2A~2C(C^£ 
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Sft!BOt*5 9T7!i*y^^3i/u (Xenopus laevis) JPSjMJSrtlCttALfcJ! 
!SWl"eP8UfcDNA*»e>5iabfct ha7V274T nAChR-^y^-y h4M£/BUT 

U 10HAChK»-ra*S*lC#UTjE»{fc:Ufc. (H3) ti % jE»fbS» 

(AChTi4n=4~10 N H-^^ytltoM, GTS-21T*to=3~5, ABT-089T*f4n 
=2-5) £>¥#J±s.e.m. £^-f 0 H 3 fcS-f*l*tt* a 7»£SUc*5tt5GTS-21 
fcJ:t^ABT-089K^i-5/h$*JS«tl»^rttx-^ (Shigmaploty^ h^T 
, Jandel Scientific, San Rafael, California, U.S.A.) \Z.faX\%ltotc fc/l/St 
Sr^1\ t ha 7ff4S!nAChRK*3V^-C, AChiS =^>-M:, -tix^lS 

6 ± 20 M*5 £ 1583 ± 10 u M <7)EC 50 ffi, *5 ± tf-t tl^JlO. 94 ± 0. 09*5 J: tfl . 2 ± 0. 2 

ot/HRftSr^TLTv^fc. gts-21*5± tfABT-089ti;, «**»+rTIWT?t*: 
^EC 50 ffi£W1"5^7^~* hT*fcofc 0 t h a7V274T nAChR(C*3ttS^*3 



t ha7V274T nAChRlC*5V>Ti*, AChjS i 15 (-) -=3^^142*3** -Cfc 9 , 

02±0. 04 m Mjo il^O. 94±0. 12 /x M(DEC 50 <i> *5 <fc iHril^ftl. 8±0. 2*5 <fc 
m.3±0.2Ot/^Mtttl^o ^Fb^UV^rtiCtt, GTS-2U4, t ha7 
»dfeSnAChRJC*5lt5*<OpV^»T^^ h»*fctt±< #J»ftfc:, b hc*7V2 
74T nAChRKiSV^tt^T^^ hT*>9, 4. 3±0. 3 m M<DEC 50 ffi, fc^tfl^ 
±0.1Ot;l/#MlrUtV^ o ABT-089H, t h aV274T nAChRK&^T 

% i9 3S*d*o#a-cfc9, 28±3^M(DEC 50 R *5 <fctf2. 3±0. A<D b/Pftft&^r 
LT^fcj^ -tixJi, 40±l%oat6**rl-5855>T^^ h-efcofco t hnACh 
R-^^- y h"COrilfe^ife*tt, ~7 h U a7V25lTi^^t(4^ 1 7 h !> a 7 
ff&MnAChRtit^TACh(O180f&OtSJ0^Sft6)H5wt (Galzife (1992), MS 
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mtkmt ha7WT nAChR fcitftlfcfc b a 7V274TOf£tt^fe XXMSSHS. 



AChCOEC 50 ^S (ZtlZtllumXmOOiiM) {C*fi-5t ha7V274T*5j:t/t 

*ra^O^-^5>f V«»««lCHLTttjELT^$ixTV^ (04) . AChtt, 

h a7V274TK»10»mi, fc h a7WT(Ctt2. S^Bfiffl bfc 0 t h a7WTO h 
^Oft»fc!l*to9ftiEOfiWIIBO^/^>f ^ft^y^ (tics) tt\ 7=*~*h® 

t fa7V274TO/S^tt, t t> a7WT^« fcJt^TiS < ffittlt Lfc 0 
EMSC SHHLfc=!7 hynAChRtt, AChlO^LT, <fc D 3 < ffittffc * il«S U 
fc (Galzife(1992), ftfrft) . 

t ha7V274T nAChR fcfett 57 hgttfcB|-f5nAChR7^» hOff 

^tKn-|3-x!J7D/f^y (DH/3E) % — 
ft^<£nAChR7y*=f~* HI, 7=*~* bt 



\sTmm£tltcm&\Z. ~7h!Ja7TM-2 nAChR£^#jC^5j£££gttffc 
■rSrt^JMLT^S (Bertrandfe(1992),1ifjg) 0 Ztlft, 
K/BtfrbtoT*-* k&\C, (a) ^nAChR^gSfrM^^(C^l>re«t-5 
r ioitf (b) »£§JnAChR7 M\ ttUSff^Rllfr^fti' 5 n 

fc^i9^ffli-5ri:«r^fftLTV>5 (Bertrandb (1992), MH) . 

t ha7V274T nAChRtCfc^TI*, DH/3E (10 /*M) t>4fc, 7^~* MUftftt 
«ajcS«F«rf§ttfkLfc (05&#JH<S*LfcH 0 Lji>Ufe#&. 10/xMDHbE^AC 
WS«066%t^*#$OJS««rSjebfcffira*^l7 h ]) a7V251T nAChR (Bertr 
and?>(1993)) ilSSfttK wJlbOJtSflttt/h* < , 10/zM ACM;i*t1-5J{?«Ptf>2. 
8%~6.9%(0|5ffl-CS)ofc (Si) 0 ^-r^^K^^ >H2rto 2 O^TfcSgB 
tt^^«5aEftr±, — a 7 friz* 
(Proc. Natl. Acad. Sci (U.S.A.) 90:6971-6975) 0 
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A (lOnM) *5j:lf#*Rtt 



nAChRT h T'fc 3 5 95 V (10/iM) gatOfls/fl (1*fcfc> 

-*7=*=.*u**iiot*») &?ssufc. 0 5 ic^i- hu-* (i-^-r, 

MEC, 10 m M) , ^f;py*n^y (MLA, lOnM) , v>fc Kn-0-:ri) ^n-Y 5? 
V (DH0E, IOjiM) JSAWSSfiK (07^h#I) XZ#t*l&6#VcitLi& 
ftT^*. /h$40 7^h»^(i, £fc h o7V274T#P«»lft|C*Jl^-C 

» i-^TOhu— ^lcH"f*10nA*JJ:tJt2lWllSr«-t*. 



nAChR 


y a y k 
( u in 




mmm (% ) § 


l u M ACh 


10/iM ACh 


a 7V274T 


DH/3E (10) 


4+1 (4)* 


69 ±5 (4) T 


52±6 (4) r 




d-TC (1) 


-2 + 1 (4) 


99±1 (4) r 


97±3 (3) f 




MLA (0.01) 


-4±2 (7)* 


103±1 (4) f 


95±3 (7) T 




MEC (10) 


-1.9±0.2 (4) f 


101 ±1 (4) 1 


53±2 (4) f 




ATROP (2) 


0.1 ±0.1 (4) 


28 ±7 (5)* 


13±5 (6) T 






lOmM ACh £ 


200 n M ACh \L 


lOmM ACh \Z 
*H* 


n, 7 WT 

a f n i 






41 ±10 (4)* 


23±2 (4) f 








28±2 (4) r 


25±3 (4)' 




MLA (0.01) 


-0.2 ±0.4 (3) 


100 ±0.5 (4) 


99±0.4 (4) T 




MEC (10) 


-0.3 ±0.2 (3) 


82±1 (3)* 


85±3 (3)' 




ATROP (2) 


0.2±0. 5 (3) 


4±3 (3) 


12±3 (3)' 



fl&f§:DH0E Kn-^-oHJ T^n^T . d _ TC (d-^ 3*?^ 5 !) ^) ; MLA ( 

^^/U])$^~^>>) ;tiEC(*jJ$y$» ; ATROP (TbnhV) 0 
* p<;0.05 (Oi^-TStO) (^f^a— ^^hOjaSflJtttfe) 
t p<;0.005 (otcJti-Sfco) U^n.-r^h^PiffilJt^) 

§ Attfc^*fc*<ORMF* (%) 



4f@*2f@Ot ho7V274TWflWMSlC*JV^T). K*A**KOTtt* »Jk (KM 

tfe&S&So ia«0*#T^t ha7WT nAChRtCiol^Ttt, DH/3E (10m M) , MLA ( 
10 mm) , ^^^y^>- (10/iM) *5J:tW-y#^9 y > (lpM) ov^-f^t> * 
*4rtrt*Xtt^»*«»S»*r*<i«U4^ofc (Si) o ^A!)ytt7 
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b hotV274T nAChRfcfettST hi£tttC|l31-£nAChR7 htPfftt 

*fc, fl&fBfkfr**:, t ha7V274T nAChRio X U b h a 7WT(Dfl5*lC*3itSnAC 
hRAChiC^fi" 5 1&%<D7>9 =*~* h t LTffMffiLfco ^ft^ftOnAChRlco^T 



/W+iftOfctD (a7V274TTillO/xM, *5 it>*a 7WTT?ttl0mM) T*fcofc 0 ^ 1 t£"r 
-^Sr^-fo DH/3E (10 mM) , (1//M) , MLA (lOnM) *5<£UM 

^7^y^y (10/xM) fl, W*(OnAChRfc*5V^T^=/=.^ htLTf^fflLfco 
^«if*5 9, a 71^7^^^ hT?*>5yLAtt«flCSS*T*>Q, bha7V2 
74T*3j;tfb ha7WT«rl0nMOfiS-CJiBrbfco RBfciSv^il-, 7 ^ y ( 

10/zM) \ DH/3E (10/iM) *5 £lftHy#* 9 !> > (lpM) tt-tivCTU b ha7WTJ; 
9 fct h a7V274TSrPi^LfcJ: 5"C&5 0 Thntfy (2/iM) tt, lMMACh(C*f 
-f£b ha7V274TOlS«:*28%Pl*Lfcd^ 200 M M ACh^l"* fc ha7WTOj& 

^»a<OAOilcj;0Stt<k*ti5rt«Ett^^*!J y£##&^+5 ttusanofc (19 
82) J. Physiol. (London) 328 : 143- 170; Davidson b (1991) FEBS Lett. 284:252 
-256;*5£tfDascal5> (1980) Life Sci. 27: 1423-1428) 0 LfrLft&b. Ztltt 
, b Ka7V274TtC*f-r5T h n b^<D^^fftMi-S C t b*V^ J: 5 
o frtfftfe, nAChRTV*^-* ftj>^^^7^7 (10/iM) ThntV 
iCi «9 PI* £ tl/ch- a 7V274T0PSMO 5 <@f 3 fflfcjol* 



1/xM AChtr»-f5^Sr^icffi»rLfc^e>"efeS (80O2fc ^^7^ 

DH/3E (10m M) *^EC 50 ACh&#&|fi*-t-5 ± 9 33< , bha7V274T:fc 
±tfb Ha7WTKSsv^**ACWS*Sria#Lfc (*l*#JS£*ifcH . 
# ^ 9 5 >- (10/x M) tt, b h a 7V274T nAChRlCfcl ^Tte, EC 50 ACh^^ i 5 39 
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<**AChfc#«r»SLfc#, t ho7WT nAChRld^V^TM:, -£5 

IS, ffiffl^y h 5 «7V251T nAChRiJgflslUtVS. U^L*^5>, ^flh<D^ 

DH0E (10//M) -V hi) a7V251T(C*3(t566%<^7=f^^ 
it-<T, t ba7V274Trtfa#«i5fE«:§3< L4«ttftL4a»ofcAKd3^"Ctt, * 
fc, d-W?!) ^2 S , =17 h y a7L247T nAChRK*5*t«^5±*JESff i Jt^T, 
h-a7V274T^^^Trtf^#m^^14^L^^ofc^iC^o^T^S^oT^5 



(Galzib(1992), ; Bertr and (1993) , Bfr») • Lfc#ot, a7nAChRffi 
= y hy a7V274TJcBai-S^1f#Sr#*-t-*t, *©tt*tt^H^T*>5 0 

mmm6 

b ha7V274Tgjffitt 
10^M AChi^-fSb ha7V274T3E«nAChROJg«0«at»ttEcDBBfftt, Brig 
gsh (1995) Neuropharmacol. 34: 583-5902 fCfB^<£>®;ffigffi@£T\ PSjIffiflS 
fc|3V^»£Lfc. ^Hfi. &T02o<D*#TTfr*ofc : (a) Ca 2+ ft#ttC 
r«^Orftffitift^»tf^^^iCBa 2 *^^#i-^^Barth^ffi (90mMNaCl, 1 
mM KC1, 0.66raM NaC0 3 , lOmM BaCl 2 , 2. 5mMlf/Hf >B£f- h l J $ <A*5 £t/10mM Na 
-HEPES, pH7.55) (Briggsfe(1995), «F»lCffifO f «)4fl«)|P«Mtt. *5<tt5 
(b) Galzik (1992) Nature 359 : 500-505 \C» V ^ Tffi b 17 h y a^gfttf) 
W^T^ffl$nrv>5t><^*ilW^5fc*iCWKL^0R2«?S (82. 5mM NaCl, 2. 
5mM KC1, 2.5mMCaCl 2 , lmM MgCl 2 , 0. 5m MT h n J;tf5mM Na-HEPES^y V 

PH7.4) ^03f@<7)3PS:«o 4f*>e>CO*#TJC43V^Tt>, 

11*3 it 
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r- o 7 if £SnAChR (Briggst>(1995), BijJS) *5 ± U 5 - 17 MJ a 7 »£S!nAChR ( 
GalziP)(1992), MS) ttrtfiltS«tt*:jj*1-#, = 7 h !J a7V251TSEa#tt, 
^ra J; 5 fcSEitttSr 5* $ fc (Galzi e> (1992) , MM) . 

H«£g!)7 

E^JSr^L-^XW^V (geneticin) »tt<D$S/f iNWia^roS*?»fc»©^ 
d-^^^^Rttae^^ffi-SK^ttlS^^^-pRc/CMV (Invitrogen, San 

Diego, CA) 5rfflV>-C, t ra7l?£§} (WT) ioXXla 7V274T?S&^nAChR£ 
t H&]«1?)ifflBa^HEK-293l*JJCh7^7x^ h tfc 0 3£cDNAtt, Gopalakrishna 
nfc (1995) Eur. J. Pharmacal. (Mol. Pharm. ) 290:237-246lCtE*O V #7 1 
;7*5V (GIBCO) ^fflV^T h7^^.7x^ Cl(OT7°n-^SrfflV>T, 

t h«7WT nAChR«r38ai-<5SS'iCltWS**SfRR*tlT*J!J, ^IfttiU 



ioiTKa^SSAfS^^^i" (Gopalakrishnani=>(1995), fifjflj ; Del bono P> (1996 
) J. Pharmacol. Exp. Ther. imW) . 13 7 iC^I-tDJBlf— ^Ji, "it 

fc ho7V274TjCftftH:. = = ^>ttT>^^=^ i«JB»**l5y* = X 
ASr^LT*fB8a^tttC/f5t#x.6>ti5->-3iu^>-^ (a elegans) deg-3 
(u662) ©a*«gjfc«I*fc#*-attlSltt«:fiU*-*'a (TreininiocfclTChalfie ( 
1995) Amutated acetylcholine receptor subunit causes neuronal degenerati 
on in C. elegans. Neuron 14:871-877) 0 t h o7V251T^nAChRCO^tt, » 
fefi©JS*J:?)J*tttt"e*)<5^ (04) , = 7 h y o7V251TK*nAChR4:IBItl«C, 
:}3*£<iiS^Ca 2+ giit££WL-Cv^ Kg**©iStt<t*s» hZ&ftTtti. 

ilPJftCa^ASrSltgCU Lfc*oTttJfi5E*a<. S&fc. a7V274T&3 
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•J10~100{S, m%mcmm&X-ibo1ttz#>. fc ha7V274T£&nAChRj&S, MftL 



aWJfcSo Ifc^ot. t h o7V274T*5j:U t Ba^^nAChR{i, T=*=* h<Dft 
M&{g*tttt, «7V274TWI#*rKwVi'^*lli-*«a«)«**rWfe36»KM 



ISa^v^^R t h o7V274Ta!Aflc) roWSS«§ttS!)*5rl^* b 5 5 

teffl-fS&IS^:?— <D lOliLacSwitch^ (Stratagene) rftf*. 
ae^mSrW»-t5fc»t7^ h-^^n V(D^SrfflV>5 0 LacSwitch^ 

hSftSi:, ro*tt 4 K*#JlPTG«>»ftT. 4~8B#W^f*IOiflji/,t8 

*XttttLacy:/Uy (p3'SS) iBitWWttlac-^U-^- 

•£:fjv<?*- (pOPRSVI-CAT) Srffll^S. ft&ftltSfti*, p3' SSfH<Ds^ 
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aeT-Sr^tTii^^ixSo HEK-293*fcf±ffi©JllS© h?>^7a:^5/3>0 

a=y r-$T*£*tf*. IPTG©##£T-C'ii, pOPRSVT-€AT-<^^-rt©^U 
-9 -fc *W 5Lac D 7" U y ir- * >-/< * fOg^C <t 0 (E^^lfiJt $ tt£o IPT 
Gtt, *■< 



5 ft£©iliRK J; 9 , ^ Vt* b nT?OjWS5EO«E^K:*Jlt5^«S3g»fl:« 7nACh 

t ha7V274T^ft:*SiiW^«*tt2:^1-**^A^ J M^'t*ft:»fcttx HEK- 
293»firt-e©RcDNA©-i8tt38m©ft, #&©*£, tfiRtf, (i) h !)✓<>•:/ 
/v- (4%) 5 £IWJfc£U 4#ittltt*Jttfe*«:lfl!|M-*IB*«rfMlBr 

sritci^, ai) mmmznm$titimm'gt&%7 9 h-^ft Kayt- 

if (LDH) ©U^Sr, asa^rom^t LTSiJ^1-5r (A*.!*, Don 

nelly-Roberts P> (1996) Brain Res. 719:36-44) . (iii) £#tt©|g&i UT 
©, ^AMTTO«lai^*3±r/3Elfe{Cj; 
5 (0fl;tl£, Little P> (1996) Br. J. Dermatol, 134: 1 99-207 -.DSouzak (1996) 
J. Neurosci. Res. 43 : 289-298; Mai co link (1996) J. Neurochem. 66:2350-2360 
) , (iv) &&^<n 3 Wt7 WrobeKb 
(1996) J. 

Immunol. Methods 189:243-249), *1tteffiMWI&<DK±&t.tMmfoftmmm 
ji*DWft8*PSrfflV>5^t^»rtB-Cfc* (fli*.!*. Alison*5<fctfSarraf (1995) 
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Hum. Exp. Toxicol. 14:234-247;Didier b (1996) J.Neurosci. 16:2238-2250) 

*tz\mmvy ^7!^ hums mm) . tf tt 7»tith7^7x^ 

h$ftfc*fflflS> *Jj:t^t h a7V274T^^-C F7V^7x7 h $Hfcilfflja!C*3V> 
Ttf^Po t ha7V274TS^0^S^*ffl^Stt{CO^^5r 

t Hciott5a7V274TSgft<D#£tt v #!) / 7— tfilUKJfc (PCR 

> <x7%mfcZtfim-f?>tzfrKmfc^PCR ( Trt-PCRj ) £fflv^ r i: # 



^m'-tZX-hhb. V274TBlfe^^ DSffi^JWHifi-tr iT^< y h2££trmft£-y- 

^KSr^Wi-5*ffi«. (a) t rtSa7t7"^y y * * 

K£'>fr< tt> loot 7f7"a-7 y * ? W-^f" K7"n - 

y*fc(4-?r«tS«#:t^§^ (b) ^f*^-y-^y/P^(D^6«)^y 5tj> u^-f- 

7t7"3-=y hmRNAOcDNA^W-t-eTtfeWt? 1 OfDTjffite, (a) jgtffc^Sr 
tT^Co-CcDNASr#, (b) IS (a) -?#fccDNA£if <H U (c) WgH-V;7VK}> 



2 £fcl*^©-gP©T 5 7 $ge?ij££tf 0 



f*»1r>'7VV*©fc hS^a 7-^^=^ h&&tttt-5fc*©:£ifcW\ (a) 

4(^6«##o*j«K4^4l»IBftJ:lWlfe#TT««k**« 00 
?lJS-^2*fcll^r©»f^-©t h^JIfra 7lJ-^=-y bKWHWJw^rS. 

fc< ttWT©2o©^-f7'©ffe*Srff*5ni:^»rt6T?fc55 : (i) t+fl' 
y * a=^y*fctti***nfcA«)BBBraaiW4*r*i-S»J©{l:^*if©3ilR 
Wo 7 7^^ h©»#, (ii) Sk^ W?^K©^*IBJfc-t-5fc* 

©T^f-fe^^-U di%if Is* 1 ? Vm&(Wx.t£. Albert*5<tU ! Morris(1994), A 
ntisense knockouts: molecular scalpels for the dissection of signal 
transduction. Trends in Pharmacological Sciences 15: 250-254 £r#fi8 iStltc 
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w, *.tzi-t (iii) *»uafc£©i»is*sH- 



i*3giL-C©f&2£ 0 #|;U2> TV^-lrV^^-U ^ ^ K5' -GGaACACCTCAT 

GGGCTCG (ge?iJ#-^9) £&fflT $ r t 5„ Lfc#oT\ £0*y=***U 

5jKy^^u^KIB?iJ<D5* =-m#«M£JH1-5r. 



tf-f3. ^TV^-feV^RNA^-y =?5?^ U^-f-m, ^>t*#T-mRNA(C/^7 r !> 
*ffliai%a*fcl*te<D*{B)JSigStw^1-5a7V274TO^ : 45rfF*1-5 loOj 
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5 



jS-f^a7-lrV^.*3 < tUt$^irV^^-!J =T5C^ U^"^ K Rtl^Jv 5' - CGAGCCCA 
TGAGGTGTAGCC (M&m^lO) - CCAGGCATTCGGAGCTTGCC (ga5lJS-§-ll) ] 

£M£ffl-r5. =Oc*v*7-Ktt:, T^f~fey^*!J =fjc^ 

f- Krt©GC£ft©Jt*fc*ti* LGeneBankf*) (D^ftlg^lJ £ ft-v y L/«C^o fc 7 V 
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b n * 



( 2 ) E n • * 1 O * « : 

( i ) E W © «r « : 

( A ) ft S : 1591 £Sxt 
( B ) : ft $ 
( C ) » © $C : - * 01 
(D) h*Pi^-:it«ltt 
(ii) §a?IJ^S^ : Genomic DNA 

( x i ) ga n : e n # * 1 : 

CTCGAGCCC ATG AGG TGT AGC CCC GGA GGA GTG TGG CTG GCA CTG GCA 48 
GCA TCT CTC CTG CAC GTG TCC CTG CAA GGC GAG TTC CAG AGG AAG CTT 96 

TAC AAG GAG CTG GTC AAG AAC TAC AAT CCC TTG GAG AGG CCC GTG GCC 144 

AAT GAC TCG CAA CCA CTC ACC GTC TAC TTC TCC CTG AGC CTC CTG CAG 192 

ATC ATG GAC GTG GAT GAG AAG AAC CAA GTT TTA ACC ACC AAC ATT TGG 240 

CTG CAA ATG TCT TGG ACA GAT CAC TAT TTA CAG TGG AAT GTG TCA GAA 288 

TAT CCA GGG GTG AAG ACT GTT CGT TTC CCA GAT GGC CAG ATT TGG AAA 3 36 

CCA GAC ATT CTT CTC TAT AAC AGT GCT GAT GAG CGC TTT GAC GCC ACA 384 

TTC CAC ACT AAC GTG TTG GTG AAT TCT TCT GGG CAT TGC CAG TAC CTG 4 32 

CCT CCA GGC ATA TTC AAG AGT TCC TGC TAC ATC GAT GTA CGC TGG TTT 4 80 

CCC TTT GAT GTG CAG CAC TGC AAA CTG AAG TTT GGG TCC TGG TCT TAC 528 

GGA GGC TGG TCC TTG GAT CTG CAG ATG CAG GAG GCA GAT ATC AGT GGC 576 

TAT ATC CCC AAT GGA GAA TGG GAC CTA GTG GGA ATC CCC GGC AAG AGG 624 

AGT GAA AGG TTC TAT GAG TGC TGC AAA GAG CCC TAC CCC GAT GTC ACC 672 

TTC ACA GTG ACC ATG CGC CGC AGG ACA CTC TAC TAT GGC CTC AAC CTG 720 
CTG ATC CCC TGT GTG CTC ATC TCC GCC CTC GCC CTG CTG GTG TTC CTG 768 
CTT CCT GCA GAT TCC GGG GAG AAG ATT TCC CTG GGG ATA ACA GTC TTA 816 
CTC TCT CTT ACC ACC TTC ATG CTG CTC GTG GCT GAG ATC ATG CCC GCA 864 
ACA TCC GAT TCG GTA CCA TTG ATA GCC CAG TAC -TTC GCC AGC ACC ATG 912 
ATC ATC GTG GGC CTC TCG GTG GTG GTG ACG GTG ATC GTG CTG CAG TAC 960 

CAC CAC CAC GAC CCC GAC GGC GGC AAG ATG CCC AAG TGG ACC AGA GTC 10 08 

ATC CTT CTG AAC TGG TGC GCG TGG TTC CTG CGA ATG AAG AGG CCC GGG 10 56 

GAG GAC AAG GTG CGC CCG GCC TGC CAG CAC AAG CAG CGG CGC TGC AGC 1104 

CTG GCC AGT GTG GAG ATG AGC GCC GTG GCG CCG CCG CCC GCC AGC AAC 1152 

GGG AAC CTG CTG TAC ATC GGC TTC CGC GGC CTG GAC GGC GTG CAC TGT 12 00 

GTC CCG ACC CCC GAC TCT GGG GTA GTG TGT GGC CGC ATG GCC TGC TCC 1248 

CCC ACG CAC GAT GAG CAC CTC CTG CAC GGC GGG CAA CCC CCC GAG GGG 1296 

GAC CCG GAC TTG GCC AAG ATC CTG GAG GAG GTC CGC TAC ATT GCC AAC 1344 

CGC TTC CGC TGC CAG GAC GAA AGC GAG GCG GTC TGC AGC GAG TGG AAG 13 92 

TTC GCC GCC TGT GTG GTG GAC CGC CTG TGC CTC ATG GCC TTC TCG GTC 1440 

TTC ACC ATC ATC TGC ACC ATC GGC ATC CTG ATG TCG GCT CCC AAC TTC 1488 

GTG GAG GCC GTG TCC AAA GAC TTT GCG TAACCACGCC TGGTTCTGTA 1535 

CATGTGGAAA ACTCACAGAT GGGCAAGCGC TTTGGCTTGG CGAGATTCGG CCGGAA 1591 
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( 2 ) fiSn**24>ffift: 

( i ) m m <d ft » ; 

( A ) ft £ : 502 T S ft 
( B ) 52 : 7 5 / ft 
( D ) Ud^- : li^ 
( i i ) 62 3»J O ft ff : * X /< * ff 

( x i ) aa n : sa w * # 2 : 



Met Arg Cys Ser Pro Gly Gly Val Trp 
Leu His Val Ser Leu Gin Gly Glu Phe 
Leu Val Lys Asn Tyr Asn Pro Leu Glu 
Gin Pro Leu Thr Val Tyr Phe Ser Leu 
Val Asp Glu Lys Asn Gin Val Leu Thr 
Ser Trp Thr Asp His Tyr Leu Gin Trp 
Val Lys Thr Val Arg Phe Pro Asp Gly 
Leu Leu Tyr Asn Ser Ala Asp Glu Arg 
Asn Val Leu Val Asn Ser Ser Gly His 
He Phe Lys Ser Ser Cys Tyr He Asp 
Val Gin His Cys Lys Leu Lys Phe Gly 
Ser Leu Asp Leu Gin Met Gin Glu Ala 
Asn Gly Glu Trp Asp Leu Val Gly He 
Phe Tyr Glu Cys Cys Lys Glu Pro Tyr 
Thr Met Arg Arg Arg Thr Leu Tyr Tyr 
Cys Val Leu He Ser Ala Leu Ala Leu 
Asp Ser Gly Glu Lys He Ser Leu Gly 
Thr Thr Phe Met Leu Leu Val Ala Glu 
Ser Val Pro Leu He Ala Gin Tyr Phe 
Gly Leu Ser Val Val Val Thr Val He 
Asp Pro Asp Gly Gly Lys Met Pro Lys 
Asn Trp Cys Ala Trp Phe Leu Arg Met 
Val Arg Pro Ala Cys Gin His Lys Gin 
Val Glu Met Ser Ala Val Ala Pro Pro 
Leu Tyr He Gly Phe Arg Gly Leu Asp 
Pro Asp Ser Gly Val Val Cys Gly Arg 
Asp Glu His Leu Leu His Gly Gly Gin 
Leu Ala Lys He Leu Glu Glu Val Arg 
Cys Gin Asp Glu Ser Glu Ala Val Cys 
Cys Val Val Asp Arg Leu Cys Leu Met 
He Cys Thr He Gly He Leu Met Ser 
Val Ser Lys Asp Phe Ala 



Leu Ala Leu Ala Ala Ser Leu 16 

Gin Arg Lys Leu Tyr Lys Glu 32 

Arg Pro Val Ala Asn Asp Ser 48 

Ser Leu Leu Gin He Met Asp 64 

Thr Asn He Trp Leu Gin Met 80 

Asn Val Ser Glu Tyr Pro Gly 96 

Gin He Trp Lys Pro Asp He 112 

Phe Asp Ala Thr Phe His Thr 128 

Cys Gin Tyr Leu Pro Pro Gly 144 

Val Arg Trp Phe Pro Phe Asp 160 

Ser Trp Ser Tyr Gly Gly Trp 176 

Asp He Ser Gly Tyr He Pro 192 

Pro Gly Lys Arg Ser Glu Arg 208 

Pro Asp Val Thr Phe Thr Val 224 

Gly Leu Asn Leu Leu He Pro 240 

Leu Val Phe Leu Leu Pro Ala 256 

He Thr Val Leu Leu Ser Leu 2 72 

He Met Pro Ala Thr Ser Asp 288 

Ala Ser Thr Met He He Val 304 

Val Leu Gin Tyr His His His 320 

Trp Thr Arg Val lie Leu Leu 33 6 

Lys Arg Pro Gly Glu Asp Lys 352 

Arg Arg Cys Ser Leu Ala Ser 368 

Pro Ala Ser Asn Gly Asn Leu 384 

Gly Val His Cys Val Pro Thr 400 

Met Ala Cys Ser Pro Thr His 416 

Pro Pro Glu Gly Asp Pro Asp 432 

Tyr He Ala Asn Arg Phe Arg 44 8 

Ser Glu Trp Lys Phe Ala Ala 464 

Ala Phe Ser Val Phe Thr He 480 

Ala Pro Asn Phe Val Glu Ala - 496 

502 
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( 2 ) SS 91 # * 3 CO ffr 18 : 

( i ) S2 3ajfl?«r» : 

(A) £ £ : 25 7 ^ / I 
( B ) Si : T ? 7 g| 
"(D) Un<;- ; 

( i i ) Mm <n mm : ? ^ s< ? n 

( x i ) E ftl : gfi JiJ # £- 3 : 

Met Arg Cys Ser Pro Gly Gly Val Trp Leu Ala Leu Ala Ala Ser Leu 
Leu His Val Ser Leu Gin Gly Glu Phe 

( 2 ) gfi n # * 4 CO ^ $B : 
( i ) IB W © <Rf » : 

( a ) ft $ : us mm$i 

( B ) ffl : 

( c ) : -*m 

(D) H # o ^5 — j jg m ik 
( x i ) ge ft : gE JIJ # •§• 4 : 

GGGGGCAGCA CTCGAGCCCA TGAGGTGTAG CCCCGGAGGA GTGTGGCTGG CACTGGCAGC 
ATCTCTCCTG CACGTGTCCC TGCAAGGCGA GTTCCAGAGG AAGCTTTACA AGGAGGGG 
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( 2 ) £ m # * 5 © ffi ft : 

( i ) 12 ?IJ O «r IK : 

( A ) J* $ : 20 J^S 

< B ) 3! : gf ft 

( c ) & ic : - * ft 

(D) h^n-^-rjS^^ 

( x i ) gS ?j : g£ ?lj # -t 5 : 
GTTTGGGTCC TGGTCTTACG 

( 2 ) IE ?U # 4§- 6 © ft Wi : 

( i ) ga?uo#$ : 

(A) ft $ : 23 i&mtt 
( B ) ffl : &fi£ 

( c ) m<n& : -** 

(D) h#a^-:jtt«« 
( x i ) §2 ?J : IE ft # ^ 6 : 

GCAGCATGAA GGTGGTAAGA GAG 
( 2 ) E8l#4-7eflMR: 



( i ) s m <r> ft m : 

( A ) g £ : 23 ifi S *f 
( B ) ffi : S fi£ 
( C ) : -#« 

(D) htfP^-rjfcgHfc 
( x i ) gfl £j : £ n * 7 : 

CTCTCTTACC ACCTTCATGC TGC 
( 2 ) £ H « # 8 © ff ft : 

( i ) e ?ij © # m : 

( A ) jfc & : 20 
( B ) £ : & m 
( C ) «K ©& : -*« 
(D) h!«Di?- : Sgtt 
( x i ) ga 3R| : & ?IJ # * 8 : 

GTACTGCAGC ACGATCACCG 

( 2 ) g2 M # * 9 © ft : 
( i ) j£?'J©#j& : 



(A) * £ : 

( b ) m : mm 

( c ) mo® : -*« 
( D ) h3jfn^- : e0ltft 
( x i ) E 81 : £ $1 # 9 : 

GGCTACACCT CATGGGCTCG 

( 2 ) iS ?IJ # # 1 0 ft K : 
( i ) SB ?U W 1$ ft : 

( A ) & $ : 20 i£S tt 
( B ) £ : 

( C ) SOS:-$| 
(D) h#ni>-:lti|tt 
(xi) ga^ij : IE yi|#-5§- 10 : 

CGAGCCCATG AGGTGTAGCC 



( 2 ) SB 3?IJ # 1 1 <Z> ffif « : 
( i ) IB O 4$ ft : 
( A ) ft £ : 20 



( B ) m : &® 

( C ) m to % : - * « 

(d) v x o v - &mvi 

( x i ) K ft : gfi ft # * 1 1 : 

CCAGGCATTC GGAGCTTGCC 
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